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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide [1] . Portal/hepatic vein tumor thrombosis (PVTT/HVTT) is a common complication of HCC [2] and is widely accepted as a sign of advanced stage [3] . PVTT/HVTT frequently leads to intrahepatic or distant metastasis with a poor prognosis [4] . The median survival of untreated HCC with PVTT/HVTT has been reported to be 2.7 mo, whereas the survival in those without PVTT/HVTT has been reported to be 24.4 mo [5, 6] . A large body of evidence has shown that surgery can improve the survival of HCC patients with PVTT/HVTT [7] [8] [9] . However, the median survival duration varies from 9.0 to 26.0 mo [7] [8] [9] , which is still unsatisfactory. The reasons for this remain unclear and seem to be complex and multifactorial.
The systemic inflammatory response generated by tumors has been shown to cause the upregulation of cytokines and inflammatory mediators, leading to the promotion of angiogenesis, DNA damage, and inhibition of apoptosis [10] [11] [12] . The presence of a systemic inflammatory response can be detected by the elevation of the neutrophil-to-lymphocyte ratio (NLR), which has been shown to be associated with poorer prognosis in patients with various types of malignant tumors, including colorectal cancer, intrahepatic cholangiocellular carcinoma, pancreatic ductal adenocarcinoma, gastric cancer, non-small cell lung cancer, renal cell carcinoma, breast cancer, and soft tissue sarcoma [13] [14] [15] [16] [17] [18] . Recently, an increasing number of reports has shown that the NLR can be used as a predictor of poor survival after curative hepatectomy, radio-frequency ablation (RFA), transarterial chemoembolization (TACE), liver transplantation (LT), and sorafenib therapy for HCC [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . To date, however, few studies have mentioned the role of the NLR in predicting the prognosis of HCC patients with PVTT/ HVTT after hepatectomy. The current study aimed to evaluate the relationship between systemic inflammation, as represented by the preoperative NLR, and long-term outcomes in HCC patients with PVTT/HVTT after hepatectomy, determining whether the NLR can be used as a predictor of survival in these patients.
MATERIALS AND METHODS

Patient selection and operative techniques
The present study population included 81 HCC patients who underwent hepatectomy at the Department of Hepatobiliary Surgery, Cancer Center of Sun Yat-Sen University, Guangzhou, China and were diagnosed with PVTT/HVTT via pathological examination between January 2004 and July 2009. During this period, there were 931 hepatocellular carcinoma patients who underwent hepatic resection at our department.
The patients were excluded from the analysis if they had extrahepatic disease, thrombus extending to the level of the superior mesenteric vein, or any antitumor treatments before operation.
The preoperative diagnosis and tumor evaluation were made using ultrasonography, contrast-enhanced magnetic resonance (MR), and/or tri-phase contrastenhanced helical computed tomography (CT). Liver function was evaluated based on the Child-Pugh classification system [30] and/or the indocyanine green (ICG) clearance test performed routinely before operation. The neutrophil and lymphocyte counts were routinely measured within three days before operation. NLR was calculated by dividing the neutrophil measurement by the lymphocyte measurement. The selection criteria for the operative procedure depended on the tumor location and extent, liver function, and future liver remnant volume. Hepatectomy was defined as major if three or more Couinaud segments were resected and minor if fewer than three segments were resected [31] . The diagnosis of HCC and PVTT/HVTT was confirmed by histopathological examination of the resected specimens.
Postoperative care and follow-up
Operative mortality was defined as death within 30 d after operation. Operative complication was defined as any deviation from the normal course of recovery with the need for any medical interventions. All patients were followed up as a routine protocol one month after operation by enhanced CT of the chest and upper abdomen, serum α-fetoprotein (AFP) examination, and serum examination of liver function. Then, follow-up was carried out every 2-3 mo with enhanced CT of the chest and upper abdomen or combined CDUS and chest X-ray; and serum examination for the first year. Thereafter, all patients were followed up every 3-6 mo with CDUS, chest X-ray, and serum tests. Abdominal enhanced CT, abdominal enhanced MR, and/or contrast-enhanced ultrasonography (CEUS) were performed when intrahepatic recurrence was suspected, and thoracic enhanced CT, whole-body bone scintigraphy, or/and other relevant radiological examination was performed when extrahepatic recurrence was suspected.
Patients with recurrence were treated with the following therapies based on their liver function and pattern of recurrence as a routine practice: hepatectomy, TACE, transarterial infusion (TAI), percutaneous microwave tumor coagulation therapy, radiofrequency ablation (RFA), systemic chemotherapy, percutaneous ethanol injection therapy (PEI), sealed source radiotherapy, sorafenib therapy, cytokineinduced killer (CIK) cell therapy, and/or supportive care.
Statistical analysis
Comparisons between categorical variables were performed using Pearson's χ 2 test or Fisher's exact test where appropriate. Continuous variables were compared using Student's t test (when values were normally distributed) or the Mann-Whitney test (when the values had a distribution that departed significantly from normal). Survival analysis was performed using the Kaplan-Meier method and comparison were made using the log-rank test. Univariate and multivariate analyses using Cox's proportional hazard models were performed to evaluate the prognostic factors. The correlation between two variables was examined by Pearson's correlation analysis (when the variables were normally distributed) or Spearman's correlation analysis (when the variables had a distribution that departed significantly from normal). A value of P < 0.05 was considered statistically significant. All data were analyzed using SPSS statistical software for Windows (ver. 18.0; SPSS Inc., Chicago, IL, United States).
All continuous variable data were expressed as mean ± standard error (when the values were normally distributed) or medians (range) (when the values had a distribution that departed significantly from normal). All data regarding categorical variables are shown as n (proportion).
RESULTS
Correlation between NLR and postoperative survival
To determine whether an elevated NLR was correlated with the postoperative survival of HCC patients with PVTT/HVTT, we performed survival analysis, and the results are shown in Table 1 . Using NLR cut-offs from 1 to 5 and comparing the 1-, 2-, 3-, and 5-year overall survival (OS) rates, several NLRs were found statistically correlated with the postoperative OS of HCC patients with PVTT/HVTT. Among these, an NLR of 2.9 was the most significant, with a χ 2 value of 7.227 and a P value of 0.007. We therefore utilized an NLR cut-off of 2.9 as a risk factor of the poorer prognosis of these patients.
Clinicopathological characteristics
The characteristics of the 81 HCC patients with PVTT/ HVTT are summarized in Table 2 . Of the 81 patients, 51 had an NLR ≤ 2.9 and 30 had an NLR > 2.9. Most of the characteristics of the two groups were similar. Patients in the high-NLR group had significantly higher preoperative HBV DNA (P = 0.025), serum AFP level respectively) than in the low (29.1%, 21.1%, 12.1%, and 9.1%, respectively) NLR group (P = 0.039).
Prognostic factors for the overall survival of HCC patients with PVTT/HVTT
Univariate and multivariate analyses of the factors affecting OS are shown in Table 4 . An NLR > 2.9, AFP ≥ 400 ng/mL, multiple tumors, bilobular disease, and surgical margin ≤ 1 cm found to be significant on univariate analysis were then included in multivariate regression analysis, and the results revealed that an NLR > 2.9 [P = 0.034, a hazard ratio (HR): 1.866; 95%CI: 1.048-3.322], AFP ≥ 400 ng/mL (P = 0.042, HR = 1.863; 95%CI: 1.024-3.392), and bilobular disease (P = 0.019, HR = 3.292; 95%CI: 1.215-8.918) were independent predictors of the poorer prognosis of OS.
Prognostic factors for the disease-free survival of HCC with portal/hepatic vein tumor thrombosis
Similarly, univariate and multivariate analyses of the (P = 0.038), and maximum diameter of tumor (P = 0.003), worse Child-Pugh score (P = 0.017), longer operative time (P = 0.011), and shorter surgical margin (P = 0.002).
Recurrence patterns and treatments
The patterns of recurrence and postoperative treatments in the patients of the two groups are shown in Table 3 . The recurrence patterns were not significantly different between the two groups.
Survival analysis
As shown in Figures 1 and 2 , when we compared the survival outcomes in the two groups, we found that the 1-, 2-, 3-, and 5-year OS rates were significantly lower in the high (31.5%, 10.5%, 10.5%, and 10.5%, respectively) than in the low (59.8%, 39.5%, 26.3%, and 18.4%, respectively) NLR group (P = 0.007). Similarly, we found that the 1-, 2-, 3-, and 5-year disease-free survival (DFS) rates were significantly lower in the high (9.4%, 4.7%, 4.7%, and 4.7%, The median overall survival duration in the high neutrophil-to-lymphocyte ratio (NLR) group was significantly shorter tháan that in the low NLR group (6.2 mo vs 15.7 mo, respectively, P = 0.007). The median disease-free survival duration in the high neutrophil-to-lymphocyte ratio (NLR) group was significantly shorter than that in the low NLR group (2.2 mo vs 3.7 mo, respectively, P = 0.039).
factors affecting DFS are shown in Table 5 . NLR > 2.9, AFP ≥ 400 ng/mL, Hgb > 130 g/L, ICGR15 ≤ 10%, and intraoperative blood loss > 1000 mL were found to be significant on univariate analysis and were then included in multivariate regression analysis. However, none was identified as an independent predictor of the Li SH et al . Prognostic predictor after hepatectomy poorer prognosis of DFS.
Correlation between NLR and clinical factors
The relationship between the NLR and Child-Pugh score, preoperative AFP level, preoperative HBV DNA level, and maximum tumor diameter, which may impact the prognosis of HCC patients, was evaluated.
There was a significantly positive correlation between the NLR and Child-Pugh score (r = 0.276, P = 0.015). Additionally, the NLR had a significantly positive correlation with the maximum tumor diameter (r = 0.435, P < 0.001). NLR was not associated with the preoperative AFP level and HBV DNA level (data not shown).
NLR can enhance the prognostic predictive power of the CLIP score for DFS in HCC patients with PVTT/HVTT
The Cancer of the Liver Italian Program (CLIP) score was calculated as described previously [32] in 76 of the 81 cases (the score could not be calculated in 5 cases due to missing data). The CLIP stages assigned in the present study population ranged from 1 to 4 because all of the cases enrolled in the current study population had PVTT/HVTT. Survival analysis revealed significant differences in DFS (χ 2 = 7.870, P = 0.049) for each group, as shown in Figure 3 . However, the result was opposite for OS (P = 0.055, data not shown). We added the NLR to the CLIP score in accordance with the following scheme: a low NLR (NLR ≤ 2.9) was given a score of 1, and a high NLR (NLR > 2.9) was given a score of 2. Next, all of the cases were divided into 5 groups (from 2 to 6). Survival analysis revealed significant differences in DFS (χ 2 = 11.371, P = 0.023) for the 5 groups, as shown in Figure 4 . A larger χ 2 value and a smaller P value suggested the NLR could enhance the prognostic predictive power of the CLIP score for DFS in these patients. Similarly, based on the results using CLIP score alone, there was no significant difference in OS (P = 0.055, data not shown).
DISCUSSION
NLR, a simple, cheap, safe and effective marker of inflammation, is easily calculated from routinely available data. Many studies have shown that a higher NLR is correlated with adverse survival outcomes in patients with various tumors [13] [14] [15] . NLR was first linked to hepatic malignant tumors by Halazun et al [22, 33] . They observed poor DFS and OS in patients with colorectal liver metastasis and a higher preoperative NLR, with the NLR being an independent predictor of both recurrence and death [33] . Recently, increasing reports have shown that NLR can be used as a predictor of poor survival after various types of treatments for HCC [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] 34, 35] . To expand these findings, we assessed whether NLR can evaluate the prognosis of HCC patients with PVTT/HVTT after hepatectomy. Moreover, we investigated the best cut-off value for the NLR in prediction of prognosis for these patients. We also found that the NLR could enhance the predictive power of the CLIP score for DFS in these patients. To the best of our knowledge, this is the first study to describe the important role of the NLR in prediction of prognosis for HCC with PVTT/HVTT after hepatectomy.
We found that the OS of the patients whose preoperative NLR > 2.9 was shorter than that of those with NLR ≤ 2.9. An NLR > 2.9 was also identified as an independent predictor on multivariate analysis. These results are consistent with those of previously Some patients accepted more than one type of treatment. NLR: Neutrophil-to-lymphocyte ratio; TACE: Transarterial chemoembolization; PMCT: Percutaneous microwave tumor coagulation therapy. published articles in HCC patients who had undergone other treatments with various cut-offs [20] [21] [22] [23] 25, [27] [28] [29] 35, 36] . Moreover, preoperative AFP ≥ 400 ng/mL and bilobular disease were identified as independent predictors of OS after operation in patients with HCC and PVTT/HVTT on multivariate analysis. The former is consistent with the results of previously published studies in a similar subpopulation of HCC patients who had undergone resection [9, 37] , while the latter was also recognized to be an independent prognostic factor for unresectable patients [38, 39] . In the present study, poor prognostic indicators influencing DFS included an NLR > 2.9, AFP ≥ 400 ng/mL, Hgb > 130 g/L, ICGR15 ≤ 10%, and intraoperative blood loss > 1000 mL. These patients had poorer DFS on univariate analysis, although none of these factors were identified as independent predictors on multivariate analysis. In fact, no factors were identified as independent predictors on multivariate analysis. Moreover, the rate and pattern of recurrence in the NLR > 2.9 group showed no significant differences compared with those in the NLR ≤ 2.9 group. These results may suggest that tumor recurrence in the remnant liver after surgery was common and nearly inevitable in HCC patients with PVTT/HVTT, which was a major cause of unsatisfactory prognosis [9, 40, 41] . Therefore, adjuvant treatment such as TACE and TAI could significantly improve the prognosis of HCC patients with PVTT/HVTT [40, 41] . However, this result did not mean that the NLR was not associated with recurrence. Our results showed a significant association between the elevated NLR and tumor size. Previous studies have shown that tumor size > 3 cm on imaging is an independent predictor of microvascular invasion [42] . Additionally, several studies have indicated that preoperative elevated NLR can reflect tumor burden, malignancy, invasion, and metastasis [19, [22] [23] [24] 27, 28, 36] . The CLIP score consists of 4 variables, the ChildPugh score, tumor morphology, serum AFP level, and portal vein invasion, which account for both liver function and tumor characteristics relevant to the prognostic assessment for patients with HCC [32] . It was confirmed that the CLIP score could reveal a class of HCC patients with an impressively more favorable prognosis and another class with a relatively shorter life expectancy in various population cohorts [32, 43] . To the best of our knowledge, the present study is the first study confirming the prognostic predictive power of the CLIP score for HCC with PVTT/HVTT that could be enhanced by combining the NLR.
Inflammatory markers have long been linked with malignancy. Virchow first observed leukocytes appearing in neoplastic tissue in the mid 1800s [11] . Recently, consistent lines of evidence have suggested that there is a close relationship between the development of cancer and inflammation. As an inflammatory marker, NLR reflects an immune microenvironment that both favors tumor vascular invasion and suppresses the host immune surveillance [19] . A high NLR means relatively fewer lymphocytes and more neutrophil leucocytes, reflecting the impairment of the host immune response to tumors and a large reservoir of vascular endothelial growth factor (VEGF) [13] [14] [15] 22, 24, 34] . Circulating VEGF, whose primary sources are recognized as neutrophil leukocytes, has been established as a major contributor to tumorrelated angiogenesis [44] . Elevated VEGF expression correlates with increased vascular density, higher rates of vascular invasion, and an increased tendency for seeding. Therefore, increased neutrophil leukocytes are related to an increased risk of recurrence in HCC patients [22, 44] . Many studies have demonstrated that once the T-lymphocyte-mediated antitumor response is impaired and the cytotoxic CD81 lymphocyte subpopulation is dysfunctional, the lymphocytes may diminish, possibly leading to impaired defense against the tumor [22, 45] . Okano et al [45] found that the extent of lymphocytic infiltration between the metastatic nodule and normal hepatic tissue may reflect host defensive activity in the liver and is associated with the outcome in patients who underwent hepatectomy for liver metastases from colorectal cancer. Patients with dense tumor-infiltrating lymphocytes (TILs) had better outcomes than those with weak TILs after operation. Our results showed that an elevated NLR had significant associations with tumor size and liver function. Taken together, it was confirmed that an elevated NLR can indirectly reflect the tumor burden, vascular invasion, a high risk of tumor recurrence, and shorter survival after resection. Tumor-associated macrophages (TAMs) have been shown to have tumor-promoting effects, with a high density of TAMs in tumors reported to be associated with a poor prognosis. Some reports have indicated that macrophage infiltration into HCC is related to the aggressiveness of the tumor [46] . Maniecki et al [47] showed that a high infiltration of TAMs in HCC was related to a high NLR [28] . TAMs express certain cytokines, such as IL-6 and IL-8, within the tumor, and these cytokines may promote systemic neutrophilia. Ubukata et al [48] demonstrated that a high NLR is significantly correlated with a high level of Th2 cells, which can polarize macrophages to TAMs through expressing certain cytokines, such as IL-4 and IL-10. A high NLR is associated with high infiltration of TAMs and high inflammatory cytokine production in the tumor. Some studies have reported that TAMs are closely related to proinflammatory cytokine IL-17 [49] . Peritumoral IL-17 may enhance systematic neutrophil leukocytes and play an important role in tumor progression [28, 50] . Therefore, a similar mechanism may be one of the reasons for the NLR elevation in HCC patients. Some researchers have suggested that a high infiltration of TAMs is a first and important step of NLR elevation [28] . However, further examination is necessary to elucidate the mechanism.
The power of the present research was limited by its retrospective nature, single-center data, and relatively small sample size. More molecular experiments are needed to clarify the detailed molecular mechanism of the role that NLR plays in HCC with PVTT/HVTT. In consideration of these limitations, we believe that crossvalidation in independent and larger patient cohorts, possibly in a prospective setting, should be mandatory before the NLR can be confidently incorporated as a validated biomarker to guide treatment decisions.
Although only 81 cases were included in our study, achieving this number of cases was difficult given the rarity of HCC patients with PVTT/HVTT who are suitable for hepatic surgery. We are the first to demonstrate that the NLR could predict the prognosis of HCC patients with PVTT/HVTT after hepatectomy. As described previously, the NLR may reflect the complex interplay between inflammatory mediators and angiogenic factors that are known to influence the survival of HCC patients. Moreover, unlike other complex molecular markers, the NLR is easy to compute and is universally available because it is derived from laboratory measures that are routinely assessed before operation. NLR could be used as a potential prognostic predictor for HCC patients with PVTT/HVTT after hepatectomy.
COMMENTS
Background
Portal/hepatic vein tumor thrombosis (PVTT/HVTT) in hepatocellular carcinoma (HCC) is a sign of advanced-stage disease and is associated with a poor prognosis. This study investigated whether the preoperative neutrophil-tolymphocyte ratio (NLR) could predict the prognosis of these patients after hepatectomy.
Research frontiers
PVTT/HVTT in HCC is a sign of advanced-stage disease and is associated with a poor prognosis. Substantial evidence has recently shown that hepatectomy can improve the survival of HCC patients with PVTT/HVTT, although the median survival duration is still unsatisfactory. The reasons for this remain unclear and seem to be complex and multifactorial.
Innovations and breakthroughs
The presence of a systemic inflammatory response can be detected by the elevation of the NLR, which has been shown to be associated with a poorer prognosis in patients with various types of malignant tumors. This study confirmed that the NLR could be used as a potential prognostic predictor for HCC patients with PVTT/HVTT after hepatectomy.
